Introduction. -No study, so far in France, has investigated the diagnosis value of knee MRarthrography since the recent approval of intra-articular gadolinium use, by this country's healthcare authorities. This study objective is to verify the MR-arthrography superiority on conventional knee MRI, in meniscus and cartilage knee lesions diagnosing accuracy both in regard to sensitivity and specificity. Hypothesis. -MR-arthrography, represents in some pathologic situations, a more accurate source of information than conventional MRI. Materials and methods. -Over a 27 months period, 25 patients, scheduled to undergo a knee arthroscopy volunteered, after having been fully informed of the possible interest and risk of the MR-arthrography examination, to participate in this study. Twenty-one of them were finally included since in four cases the surgical indication was not confirmed. The group consisted of 15 males and six females with an average age of 35.7 years. All of them consecutively underwent conventional MRI, MR-arthrography finally followed by arthroscopy. The MRI and MR-arthrograms results were compared to the arthroscopy findings using the nonparametric Kappa test.
Introduction
The first English language studies on MRI with joint injection of gadolinium were published roughly 20 years ago [1, 2] . They clearly proved that this examination is valuable in the diagnosis of shoulder and hip lesions as well as knee lesions. MR-arthrography seems to be more sensitive and more specific than conventional MRI in detecting meniscal and chondral lesions and is consequently widely used in North America.
In France, the development of MR-arthrography is recent because the approval to market for intra-articular injection of gadolinium was accorded quite recently, in 2002 [3] . To our knowledge, no French study has investigated MRarthrography of the knee, although its value is recognized principally in the analysis of lesions involving post-operated menisci and as an alternative to CT-arthrography in the preoperative assessment of osteochondritis dissecans.
This article reports the results of a prospective study whose objective was to study the diagnostic performance of MR-arthrography of the knee in ordinary meniscal and cartilaginous lesions. The role this examination can play compared to other imaging techniques is discussed by comparing these results with those in the literature.
Materials and methods
This open, nonrandomized, prospective study was conducted from January to July 2007, in patients programmed for arthroscopy of the knee. They had initially undergone a clinical exam and frontal and lateral loaded knee X-rays, which suggested meniscal, cartilaginous, and/or ligamental pathology. As part of the preoperative workup, these patients were proposed a conventional MRI followed by an MR-arthrography with intra-articular injection of gadolinium. All patients underwent conventional MRI, followed by MR-arthrography with intra-articular injection of gadolinium. All received truthful, clear, and appropriate information on the principles and risks of MR-arthrography. Twenty-five patients accepted to participate in the study; the others refused MR-arthrography because of its invasiveness.
The indications for surgery were based only on the MRI data, because the surgeons had no knowledge of the MRarthrography results. Four patients were excluded from the study because arthroscopy was not done and was indispensable to the assessment of the imaging results. In three of these patients, surgery was not retained for the following reasons: normal MRI results, grade II medial meniscal lesions, and isolated patellar chondral disease. The fourth patient excluded presented stage IV medial femoral chondral disease requiring autologous osteochondral graft, but he preferred to postpone the surgery for several months.
Twenty-one patients (84%) were included in the study after a complete MRI, MR-arthrography, and arthroscopy sequence of the knee. There were 15 men and six women. The mean age was 35.7 years (range, 23-67 years).
MRI and MR-arthrography
The images were acquired with a 1.5 T system and a surface antenna. A conventional MRI was done first with frontal, sagittal, and axial views in proton density (PD) and FatSat imaging for fat suppression. A total of 20 ml of gadoteric acid (Artirem ® , Laboratoire Guerbet) was injected at a concentration of 2.5 mmol/L using a lateral parapatellar approach, after rigorous asepsis and wide prepping of the lateral side of the knee. This was preceded by the injection of a few milliliters of iodated contrast to guide the position of the needle during scope maneuvers. Finally, the MR-arthrography was done with T1-weighted FatSat views in the three spatial planes. The images were interpreted by experienced senior radiologists who had no knowledge of the clinical context. The data were collected on a standardized form. The meniscal lesions were described using the Crues and Stoller classification [4] : grade I for a punctiform or intrameniscal nodular hypersignal, grade II for an intrameniscal linear hypersignal, and grade III for a linear hypersignal extended to at least one of the two articular surfaces of the meniscus. The cartilaginous lesions were evaluated using an MRI classification that could be superimposed onto the arthroscopic classification by Béguin and Locker [5] used by the French Arthroscopic Society: stage I for an abnormal signal that respected the cartilaginous surface (chondromalacia), stage II for superficial ulcerations that did not exceed 50% of the cartilage's thickness, stage III for deep ulcerations greater than 50% of the cartilage's thickness, and stage IV for total destruction of the cartilage (subchondral bone revealed in arthroscopy). The location of the lesions within the six knee joint facets and the presence of foreign bodies was noted.
Arthroscopy
The mean time between MR-arthrography and arthroscopy was 51 days (range, 15-178 days). With two exceptions, the arthroscopies were carried out at least one month after the MR-arthrography procedures. No secondary infectious complications were observed upon gadolinium injection into the joint. The surgeons performing the arthroscopy had no knowledge of the MR-arthrography results. Each arthroscopy began by systematic, standardized exploration of the knee's different compartments. The data were completed on the specific forms by the surgeons at the end of surgery. Meniscal tears were classed according to their location and shape, independently of whether they were traumatic or degenerative lesions. The degenerative meniscal lesions with no solution for continuity were not retained. The depth of the chondral lesions was evaluated using the Béguin and Locker classification [5] and their location was noted.
Comparison and results
The MRI and MR-arthrography results were compared to the arthroscopy results. For the menisci, the true positive results were grade III hypersignals corresponding to a meniscal tear or meniscocapsular separation on arthroscopy. The true negatives were absence of hypersignal or grade I or II hypersignals, with no meniscal lesion on arthroscopy. The false positive and false negative results corresponded to disagreement between the imaging studies and arthroscopy.
For the chondral lesions, stage I arthroscopic findings (chondromalacia) were excluded from the statistical tests. Their MRI diagnosis remains random, because even the specific sequences of the cartilage could not detect a lesion that was only palpable.
Agreement between the imaging and arthroscopy results was determined by Cohen's nonparametric Kappa test [6] , which can assess the difference between two techniques based on qualitative data. The degree of agreement was judged using the criteria proposed by Landis and Koch [7] : excellent (coefficient K = 0.81 -1.00), good (K = 0.61 -0.80), moderate (K = 0.21 -0.60), poor (K = 0 -0.2), and very poor (K < 0). The calculation of the K coefficient included the p-value (˛risk = 5%). The diagnosis was then evaluated by calculating the sensitivity, specificity, the positive predictive value (PPV), the negative predictive value (NPV), and the reliability of MRI and MR-arthrography [8] .
Results

Diagnosis of meniscal lesions
In the total group of menisci (n = 2 × 21), 17 lesions were seen on MRI (0 grade I, 0 grade II, 17 grade III) and 21 on MR-arthrography (one grade I, four grade II, 16 grade III). However, arthroscopy only demonstrated 13 meniscal tears or meniscocapsular separations: 11 on the medial meniscus and two on the lateral meniscus.
The comparison of the imaging and arthroscopic studies brought out five false positive and one false negative result on MRI versus three false positive and no false positive results on MR-arthrography ( Table 1 ). The agreement of MRI with arthroscopy was good (K = 0.69), and the agreement of MR-arthrography with arthroscopy was excellent (K = 0.84). The sensitivity of MR-arthrography in the diagnosis of meniscal lesions reached 100% in this series, with an 81.2% PPV. Its performance was much better than MRI, which presented satisfactory sensitivity (92.3%) and specificity (82.8%) nonetheless (Table 2) . Of the 13 lesions observed in arthroscopy, there were four vertical meniscal tears, two horizontal splits (one of which was associated with a meniscal cyst), three ruptured bucket handle tears, and four complex degenerative lesions. Table 3 presents the comparison of the lesion types. The MRI data agreed with the arthroscopic data in 46% of the cases (6/13) and with the MR-arthrography data in 77% of the cases (10/13).
Three patients presented a recurring meniscal lesion long after a medial meniscectomy (Fig. 1) . These included three vertical tears, which were all demonstrated on the MRarthrography. However, one of the lesions had not been identified on MRI, which showed an amputated meniscus with no new distinguishable tear.
Diagnosis of chondral lesions
Of all of the medial femorotibial, lateral femorotibial, and femoropatellar compartments, The arthroscopic classification of the chondral lesions was compared to the MRI and MR-arthrography classifications (Tables 4 and 5 ). The stage I arthroscopic lesions had not been diagnosed with conventional MRI or MRarthrography. The two stage IV lesions were detected and evaluated with both techniques (Fig. 3) . For the stage II and III lesions, evaluation errors were frequent. However, Tables 6 and 7 present the statistical results obtained for the diagnosis of all 126 joint surfaces. By excluding the four stage I lesions found only during arthroscopy, the number of joint surfaces retained for the statistical analysis was 122. Agreement with arthroscopy was good for MRI (K = 0.70) and nearly excellent for MR-arthrography, with a coefficient K between 0.80 and 0.81. Sensitivity for detection of chondral lesions increased by 10% after intra-articular injection of gadolinium. However, specificity and reliability changed little. alization of the joint surfaces by three combined effects: the joint is filled, the synovial fluid is increased, and T1-weighted anatomic sequences are used [3] . However, it exposes the patient to a risk of infectious complications, transient pain, or allergic reactions [9] . The alternative is indirect MR-arthrography with intravenous injection of gadolinium. It is noninvasive but does not have the advantage of filling the joint, and certain diagnostic signs lose their value [3] .
Discussion
MR-arthrography with intra-articular diluted gadolinium injection is called direct MR-arthrography. It improves visu-
Methodology
Assessment of the performance of direct knee MRarthrography for the diagnosis of meniscal and chondral lesions is founded on comparing imaging results with arthroscopy, which is currently considered the gold standard of lesion diagnosis. Based on the English language prospective studies, the present study's main limit is the small number of cases investigated. This is explained for the most part by patients' reluctance to accept an invasive procedure for purely scientific purposes. In addition, the method used to analyze the MRI and MRarthrography images could be criticized in that the images were not interpreted by a single radiologist. However, all those reading the images were experienced radiologists, particularly well versed in the practice of MRI applied to the knee in sports pathology.
Menisci
These results show that MR-arthrography performs better than MRI in the diagnosis of meniscal lesions, with higher sensitivity and specificity, but it also shows better performance in specifying the type of lesion. The MRI performance is also comparable to the data in the literature: these studies have found MRI's sensitivity to vary from 87 to 97%, its specificity from 89 to 98%, and its reliability from 88 to 95% [4, 10] . The number of patients included in this series is relatively low, but the Kappa coefficients obtained were also significant and demonstrate the reproducibility of the measures taken. The agreement of MRI with arthroscopy is lower (K = 0.69) than the agreement of MR-arthrography with arthroscopy (K = 0.84), because of a higher rate of false positive results. The two additional MRI false positive results correspond to grade I or II hypersignals with MRarthrography. This difference in interpretation is related to the better visualization of the joint surfaces of the menisci after injections of gadolinium, which lowers the number of grade III diagnoses. Other false positives are probably caused by meniscal lesion scarring, given the mean 51 days between imaging and arthroscopy. Doing the arthroscopy immediately after the MR-arthrography would have been more reliable.
Even though MR-arthrography provides better performance, the reliability of MRI nevertheless remains perfectly satisfactory for the evaluation of first-line meniscal lesions; the prescription of an invasive examination in this indication seems excessive.
Recurrent meniscal lesions seemed to be detected better with MR-arthrography, but the number of cases in this series is too low to draw conclusions. MRI is often faulted because the usual diagnostic criteria are difficult to apply to operated menisci. Several clinical studies have demonstrated the value of MR-arthrography in diagnosing repeated meniscal lesions, with reliability 10-20% higher than with conventional MRI [11, 12] . After meniscectomy, a grade I or II intramensical hypersignal can extend to a joint surface, simulating a grade III lesion. The diagnostic strategy depends on the quantity of meniscus that has been resected (Fig. 4) . When the resection is less than 25% of the meniscus surface, MRI's reliability for repeated lesions is comparable to what is obtained with MR-arthrography: approximately 90% [12, 13] . When the meniscectomy exceeds 25%, Appelgate et al. [12] have shown that MR-arthrography is clearly superior to MRI, with 89 and 63% reliability, respectively. Magee et al. (14) obtained similar results with 52% sensitivity for MRI and 100% for MR-arthrography. A similar problem arises after meniscal separation, because the existence of a zone with a hyperintense signal reaching the surface may correspond to a tear or to granulated scar tissue [3, 9, 15] . The English language studies therefore recommend MR-arthrography to assess meniscal repairs [12, 14, 16] .
All in all, MR-arthrography is advantageous in the diagnosis of repeated meniscal lesions after surgery. In France, however, CT-arthrography is preferentially used in this indication. Various studies have proven its value in detecting recurring lesions after partial extended meniscectomy [17, 18] and to follow up meniscus scarring [19, 20] . In their review of the literature, Toms et al. [15] emphasized that CT-arthrography and MR-arthrography are comparable in terms of efficacy. CT-arthrography has the advantage of being rapid and displaying fewer artifacts, and MRarthrography provides an analysis of the extra-articular soft tissues and bone [15] .
Cartilage
The performance of MRI in diagnosing cartilaginous lesions varies in the literature reports. Most studies that have used patellar cartilage as a model obtained highly variable results, with sensitivity ranging from 25 to 87%, specificity from 50 to 100%, and reliability from 49 to 83% [21] [22] [23] [24] . The diagnostic performance obtained with MRI in this series is therefore within the mean found in the literature. Our results confirm MR-arthrography is superior to conventional MRI in diagnosing chondral lesions, which has already been shown by several comparative studies [21, [25] [26] [27] . Even though the agreement with arthroscopy is good in both cases, the agreement of MR-arthrography is much closer to excellence (K = 0.805) than is MRI (K = 0.70). Intra-articular injection of gadolinium provides a notable gain in terms of sensitivity (75% versus 65%), but the already excellent specificity of MRI remains nearly unchanged (99% versus 98%).
However, the evaluation of the depth of cartilaginous lesions was more difficult. Stage I lesions are often poorly assessed by MRI as well as MR-arthrography because the joint surface shows no irregularity. According to Kramer et al. [21] , the detection of these lesions could be facilitated by late image acquisition, during the phase when the gadolinium impregnates the cartilage. Stage II lesions are theoretically more easily visualized by MR-arthrography because the contrast product emphasizes the superficial erosions [22, 25, 28] . However, we obtained similar results in MRI and MR-arthrography, with three false negative results that were not corrected by intra-articular injection of gadolinium. For stage III and IV lesions, the reliability of MRI is comparable to that of MR-arthrography according to Giovagnoni et al. [22] , Engel [25] , and Masciocchi et al. [28] . We observed identical results for stage IV lesions, but MR-arthrography appeared better for diagnosing stage III lesions.
All in all, MR-arthrography can be valuable in diagnosing cartilaginous lesions involving knee pain with conventional MRI or for a preoperative workup before chondral repair [21] since it also analyzes the subchondral bone and the soft tissues. However, the present study shows that MRarthrography does not provide a fine analysis of cartilage and it is not appropriate for evaluating the depth of chondral lesions, given that its resolution is too low and unequal in the three spatial planes [29] . CT-arthrography therefore remains the reference examination for studying cartilage [29] , since it provides the best performance in terms of diagnosis and evaluation of lesion depth [30] .
Conclusion
This prospective study confirms that MR-arthrography performs better than conventional MRI in diagnosing and classifying meniscal and chondral lesions of the knee. Its indications should be limited to situations in which MRI could produce erroneous results because it is an invasive and time-consuming procedure. It is valuable as an alternative to CT-arthrography in detection of recurrent on operated menisci, the search for intra-articular cartilaginous lesions or foreign bodies, and preoperative evaluation before chondral repair. However, CT-arthrography is the reference examination for studying cartilage, because the low resolution of MR-arthrography limits its performance in assessing lesion depth.
